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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we discuss the remaining issues for the low PAPR RS in TS 38.211 [1]. 

[bookmark: _Ref129681832]Corrections on Low PAPR RS for PUCCH format 3 and 4
In current spec, the cyclic shift is not supported according to Section 5.2.3 in TS38.211, where the sequence generation is independent on cyclic shift . The current spec is aligned with the agreement we made before, i.e., only single port for PUCCH DMRS is supported for low PAPR sequence:
Agreement
The PUCCH multiplexing capacity when Rel-16 DMRS is configured for pi/2 BPSK PUCCH is a single port
However, there is a redundant description on Section 6.4.1.3.3.1 of TS38.211, which should be removed.
Text proposal for Section 6.4.1.3.3.1 of 38.211:
-----------------------------------------------------------------------------------------------------------------------------
[bookmark: _Toc36026604]< Unchanged parts are omitted >
6.4.1.3.3.1	Sequence generation
The reference-signal sequence  shall be generated according to


where  is given by clause 6.3.2.6.3 and  depends on the configuration:
-	if the higher-layer parameter dmrsUplinkTransformPrecodingPUCCH-r16 is configured,  is given by clause 5.2.3 with  given by clause 6.4.1.3.2.1. The sequence group  and the sequence number  depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift  depends on the cyclic shift hopping in clause 6.3.2.2.2.
-	otherwise,  is given by clause 6.3.2.2. 
< Unchanged parts are omitted >
-------------------------------------------------------------------------------------------------------------------------------
[bookmark: OLE_LINK1]In the following, we also provide detailed analysis for supporting the above text proposal. At first, during the CR stage, we do not think it is good to introduce a new feature of cyclic shift for low PAPR sequence. Then, a clear agreement for the number of PUCCH DMRS port was made in RAN1 before, which is only one port. The cyclic shift for the DMRS of PUCCH is mainly used to form orthogonal ports as shown in Table 6.4.1.3.3.1-1 in TS 38.211 [1]:
	Orthogonal sequence index 
	Cyclic shift index [image: ]

	
	
	
	

	0
	0
	0
	0

	1
	-
	6
	6

	2
	-
	-
	3

	3
	-
	-
	9



So, following the agreement, the multiplexing capability should be only 1 port for PUCCH DMRS, i.e., , which means that cyclic shift index is .
Then, we also provide some analysis for whether to support the cyclic shift hopping as follows. For the sequence cyclic shift hopping, a fundamental requirement is that the cross-correlation should be low enough. As shown in Figure 1, if cyclic shift hopping is enabled for R16 low PAPR RS (blue curve), the related cross-correlation may increase due to that the correlation between shifted sequences increasing. 
[image: ]
Figure 1 Cross-correlation of R15 and R16 CGS
Compared to the non-cyclic shift hopping (red curve, in Rel-16 simulation the number of lags are no more than -2~+2), the cross-correlation of shifted sequences in some cases is equal to 1 (blue curve). It means that some sequences after cyclic shift will be the same and interfering to each other. For example, in Rel-16 low PAPR sequences, we find that in length=12, the Sequence-1 and Sequence-23 are actually the same after cyclic shifted with 4.
Table 1: Definition of  for 
	
	

	1
	0
	0
	0
	0
	0
	1
	0
	0
	0
	1
	1
	1

	23
	0
	1
	1
	1
	0
	0
	0
	0
	0
	1
	0
	0



Thus, in Rel-16, it is not so beneficial to introduce cyclic hopping for the low PAPR sequences due to the high cross-correlation may happen. 
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